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Abstract 
Many industrial process produce different kind of sludge as by-product. Those various sludge-types can 
contain heavy metals or other valuable or reusable elements (as rare-earth metals). Our aim is to 
determine the accumulation rate of these elements in the plant-tissues and establish the  phytoremediaton 
potential of the plants. Laboratory experiment was conducted in seedling growth tests with various 
mixtures of red mud, converter sludge and different soil-type-peat mixtures. White mustard (Sinapis alba) 
and wheat (Triticum aestivum) seeds were applied for the experiments. According to these tests we 
determined that among the mixtures the most capable ones were the red mud mixed with slightly saline or 
slightly acidic brown forest soils. In case of the converter sludge, mixtures with chernozem and loess soil 
showed the best results for germination. The presence of the used sludge-types could stimulate the 
germination of seeds and the growth of plumules of plants, however the results are highly depends on the 
type of the soils. The results highlight the importance of seedling tests in determining the phytoextraction 
possibility when using industrial waste materials, such as the tested sludge-types. 
Keywords: red mud; converter sludge; plants; germination; bioremediation 
1. Introduction 
Industrial factories are fighting with the problem of disposing produced by-products 
nowadays. These by-products, industrial sludge-types are generally stored in huge dumps as 
hazardous wastes. The dumps might create huge risk for the environment. The sludge on the 
other hand can contain reusable or valuable elements not only toxic components. Due to the 
valuable elements (e.g. the calcium) the sludge alternatively might be used for improving soil 
quality (Újaczki, 2013). Aim of our research is to decrease the harmful components of the tested 
sludge-types of using potential phytoextraction methods. It is known that many plant-types are 
applicable, such as the Thlaspi, Alyssum, Sebertia, Berkheya …etc. (Simon, 2004), which can 
tolerate the harmful elements, or they can hyperaccumulate them in their biomass. Seedling 
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growth tests were used to decide which concentration of sludge might be adequate for planting. 
For this test, converter sludge and red mud were chosen.  
Converter sludge is produced during the steel making process. This sludge is the by-product 
of the wet cleaning technology of the converter gas. It contains heavy metal oxides (e.g. zinc 
oxide, lead oxide) and other oxides according to the used scrap iron quantity of the raw material. 
Zinc concentration can be 0.67–5%, and the total annual production of this element can reach 
1185 ton/year (Márkus, Grega, 2011). The used samples were produced by ISD-Dunaferr Ltd. in 
Dunaújváros. 
Red mud is the by-product of the alumina making process. This kind of sludge is a highly 
alkaline (pH>12) waste product (Lockwood, Stewart, Mortimer, Mayes, Jarvis, Gruiz, Burke, 
2015). The risks of red mud are its highly caustic nature and its fine particle size. In spite of 
these harmful properties, red mud has also potential benefits. It can be used for critical raw 
material recovery (e.g. Ga, V, rare earth metals), carbon sequestration, and used as a soil 
ameliorant (Mayes, Burke, Gomes, Anton, Molnár, Feigl, Ujaczki, 2016).  But the high sodium 
(Na) content and fine structure of this waste can deteriorate soil structure. The salinity and 
alkalinity of red mud can affect plant growth. For example, low red mud concentration could 
stimulate the barley root elongation and the trace elements concentrations in plant shoots 
increased with increasing the ratio of red mud in soil mixtures (Ruyters, Mertens, Vassilieva, 
Dehandschutter, Poffijn, Smolders, 2011). 
In case of red mud of Ajka, two main types, the wet and dry were used. Wet type was 
produced with the wet technology before 2011. Dry type was produced with dry technology 
since the end of 2011. The main mineral sources of red mud are ferric oxides and hydroxides, 
aluminium-hydroxides and sodium silicates, calcium carbonate, quartz and gypsum. Additional 
compounds are TiO2 (4-6%), V2O5 (0.2-0.4%), P2O5 (0.5-1.0%), Ga, and Ge, as well as rare-
earth metals can be found in it. (Feigl, Újaczki, 2014). The used samples were produced by MAL 
Ltd. (Hungarian Aluminium Production and Trading Company). 
2. Materials and methods 
Seedling growth test was made by using white mustard seeds (Sinapis alba) and wheat seeds 
(Triticum aestivum) as test plants according to MSZ 21 976-17:1993 Hungarian standard. For 
these experiments, dried red mud and converter sludge and their mixtures with different kinds of 
soils were calibrated into Petri dishes. The mixtures of the sludge and soils were used at the rates 
of 20-, 40-, 60-, 80 and 100%. In each Petri dish 20 seeds were dispersed. Three series for each 
mixture were prepared. After setting the moisture content the samples were covered and 
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incubated for 72 hours in a dark place. At the end of the experiment the number of the 
germinated seeds and the length of radicles and plumules were counted (Fig. 1.). 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Steps of the seedling growth test 
3. Results 
3.1. Industrial sludge mixtures with different soils affected for seed-germination 
First of all, we wanted to compare the effect of 100% industrial sludge on the germination of 
white mustard seeds. Three kinds (old, wet and dry type) of red mud and converter sludge were 
used. Old type red mud (oRM) was deposed about 15 years ago into the 5
th
 spoil-dump and it 
was produced from Hungarian bauxite by MAL Ltd in Ajka. Dry type red mud (dRM) had been 
taken from the 7
th
, wet type (wRM) sample had been collected from the 8
th
 spoil-dump of this 
company. 
 
 
Fig.2. (a) Germinated ratio of white mustard seeds on 100% red mud and 100% converter sludge; (b) Results of 
germination parameters of white mustard seedlings 
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We can see on Fig. 2., that the white mustard seeds began to germinate 83% in the case of wet 
(wRM) and dry (dRM) type of red mud samples. In spite of the high ratio of the germinated 
seeds, longer radicles and plumules were observed on the dry red mud than on the wet red mud. 
The highest plumules grew from the converter sludge. The efficiency of the germination was the 
lowest in the case of old red mud.  
 
Seedling growth tests were also made with mixtures of industrial sludge and soils. Among 
soils four kinds were used: 1) acidic brown forest soil, 2) chernozem soil, 3) loamy soil and 4) 
saline soil. Brown forest soil was collected in Sopron Mountain, chernozem and loamy soil 
samples were taken in Dunaújváros and saline soil was collected from Kiskunság. The mixture 
rate of the sludge was 20-40-60-80-100%. We also made this test on 100% soils as controls. The 
pH values of the test soils are shown in Fig. 3. We tried to include soils with low pH, due to the 
high alkalinity of used old type red mud. Between the test soils the acidic brown forest soil had 
the lowest pH value. On the basis of the germination results it is possible to decide which 
mixtures can be adequate for future phytoaccumulation experiments.  
 
 
Fig.3. pH values of the tested 4 soil-types 
 
Germination results of the white mustard seeds showed that in the case of old type red mud the 
mixtures of the acidic brown forest soil and the saline soil represented the best results. When 
these two kinds of soils were mixed to red mud, the ratio of the germinated seeds were higher 
(Fig. 4.) and longer radicles and plumules were also observed (Fig. 5.). When the ratio of old 
type red mud was increased in the mixture, the lengths of radicles and plumules were decreased.  
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Fig. 4. The ratio of the germinated seeds on the mixtures of red mud and different soils 
 
  
Fig. 5. The length of radicles and plumules, germinated on the mixtures of red mud and soils 
 
The germination results of the mixtures of converter sludge and soils showed that between the 
four kinds of soils, loess and chernozem soils were the most effective. When these two kinds of 
soils were mixed to converter sludge, the ratios of the germinated seeds were higher (Fig. 6.) in 
the case of 20- and 40% mixtures. Longer radicles and plumules were observed in these mixtures 
(Fig. 7.). When we compared the controls to their 20% mixtures with converter sludge, it can be 
determined that the presence of this sludge could stimulate the growth of the seedlings. 
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Fig. 6. The ratio of the germinated seeds, grown on the mixtures of converter sludge and soils 
 
 
 
Fig. 7. The length of radicles and plumules, when the seeds were grown on converter sludge - soil mixtures 
3.2. Effects of red mud on the germination of white mustard and wheat seeds 
Beside the soils, peat was also used for the seedling growth tests, because we tried to 
compensate the high alkalinity of red mud. The pH value of the peat was around 6. Longer 
radicles and plumules were measured on the dry red mud sample (dRM) than the wet red mud 
sample (wRM). Wheat seeds could germinate better than white mustard seeds (Fig.8.). 
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Fig. 8. The germination results of white mustard and wheat seeds, grown on dry (dRM) and wet (wRM) red mud. 
 
When the ratios of the germinated seeds were compared, it can be seen that the 80-100% of 
the seeds have begun to germinate (Fig. 9.). 
 
 
Fig. 9. Ratios of the germinated seeds in the mixtures of red mud and peat 
 
In Fig. 10. it can be seen that increasing of the ratio of red mud a higher negative effect 
develops on the lengths of radicles and plumules of white mustard seeds. Inhibition was 
observed in the germination when the ratio of red mud was higher in the mixtures. Between the 
red mud samples wet type (wRM) was more effective.  
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Fig. 10. The length of radicles and plumules of white mustard seedlings, grown on the various mixtures of red 
mud and peat 
 
In the case of wheat seeds the mixtures of dry type red mud (dRM) were more effective. The 
higher ratio (60-80%) of dry red mud had a positive effect (stimulation) on the growth of radicles 
but has a negative effect (inhibition) on the growth of plumules (Fig. 11.).  
 
 
Fig. 11. The length of radicles and plumules of wheat seedlings, grown on the various mixtures of red mud and 
peat 
According to the data of the lengths of the radicles and plumules in the mixtures and the 
controls, the inhibition of growth (Milinki, 2013) was also calculated with this equation (1): 
 𝑋 =  (
𝐾−𝑀
𝐾
) ∗ 100 (1) 
Where: 
X: Inhibition of the growth of radicles or plumules (%) 
K: The lengths of the radicles or plumules in the controls (mm) 
M: The lengths of the radicles or plumules in the mixtures (mm) 
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We can see in Fig. 12. that in the case of white mustard the inhibition of the growth of 
plumules and radicles was low in the 10-20-40% wet red mud (wRM) mixtures. The inhibition 
was higher in the mixtures of dry red mud (dRM). 
 
 
Fig. 12. The inhibition of the growth of radicles and plumules of white mustard seedlings, grown on various 
mixtures of red mud and peat 
 
Fig. 13. shows the results of inhibition of growth by using wheat seeds in the mixtures. The 
results represented that the inhibition in the mixtures of wet red mud (wRM) was higher than in 
the mixtures of dry red mud.  
 
 
Fig. 13. The inhibition of the growth of radicles and plumules of wheat seedlings, grown in various mixtures of 
red mud and peat 
 
Beside the above measurements the number of the radicles of wheat seeds were also counted 
during the seedling growth tests. In the case of wet type red mud (wRM), the mixture of 60 and 
80% showed better results (Fig. 14.). In these mixtures, wheat seeds grew more than three 
radicles. In most of the mixture wheat seeds grew 3 pieces of roots.  
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Fig. 14. The distribution of the numbers of the radicle of wheat seedlings, gown on the mixtures of dry red mud 
(wRM) and peat 
 
In the case of dry type red mud (dRM), the smaller ratio (10-20%) of red mud were already 
effective. In the mixtures of the dry type red mud, 3-4 pieces of radicles appeared at almost every 
mixture (Fig. 15.). Dry red mud stimulated the growth of radicles. 
 
 
Fig. 15. The distribution of the numbers of the radicle of wheat seedlings, gown in the mixtures of wet red mud 
(dRM) and peat 
According to the results of the mixtures of the industrial sludge-types and soils, the lengths of 
the wheat plumules were measured a month later. Among the mixtures loess and converter 
sludge, saline soil and brown forest soil and red mud mixtures were used for this experiment. In 
the case of the control sample (100% loess) wheat could grow smaller plumules than the 
mixtures of converter sludge (Fig.16.). Stimulation were observed in these mixtures, perhaps 
because for example zinc is an essential element for plants. The highest plumules were measured 
in the 15% and 25% mixtures.  
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Fig. 16. The length of plumules of wheat seedlings, grown on various mixtures of converter sludge and loess  
 
Fig. 17. shows the results of the red mud and soil mixtures. In the mixtures of red mud and 
saline soil the lengths of plumules of wheat were higher than in the control (100% saline soil). 
The highest plumules were measured in the 5% mixture. Small inhibition were observed when 
the ratio of red mud increased in these mixtures. In the case of the mixtures of acidic brown 
forest soil and red mud the 5% mixture showed the best result. In the other mixtures small 
inhibition was observed. Comparing to the controls the mixtures with saline soil showed better 
results. 
 
 
Fig. 17. The length of plumules of wheat seedlings, grown on the mixtures of red mud and saline soil or acidic 
brown forest soil 
4. Conclusions 
According to the seedling growth tests of the industrial sludge-types it can be determined that  
red mud (dRM) showed the best results, when testing the germination of white mustard seeds.  
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produced longer radicles and plumules. According to the ratio of the sludge-types in soils, we 
will use the 40-60% mixtures of red mud and saline or acidic brown forest soil and 20-40% 
mixtures of converter soil and loess or chernozem, regarding the further laboratory experiments. 
The result of the red mud and peat mixture was that white mustard seeds preferred the wet red 
mud, on the other hand wheat seeds preferred of the dry red mud for the germination. The 
number of the radicles of wheat seeds was higher in dry red mud mixtures. 
According to the measurement of the length of plumules of wheat we can determine that in 
the case of saline soil, the presence of red mud stimulated the plant growth. This can be told 
about the experiment of converter sludge and loess soil, where the 15% and 25% mixtures 
showed the best results.  
We observed that the components of converter sludge and red mud were able to stimulate the 
germination of seeds and growth of plumules, however its value is highly dependent on the soil-
types, used. 
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